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[Name of Document] SPECIFICATION 

[Title of the Invention] LOCAL ETCHING METHOD 

[Scope of Claims] 

[Claim 1] A local etching method for a local dry etching 
apparatus, said local dry etching apparatus comprising: 

a nozzle for injecting an activated species gas to a 
surface of a semiconductor wafer; 

a stage for supporting the semiconductor wafer; 

a drive apparatus for driving either or both of said 
stage and said nozzle for moving said nozzle relative to said 
semiconductor wafer in a plane along the surface of said 
semiconductor wafer; 

a calculating apparatus for calculating a drive speed 
of said drive apparatus for relatively moving the nozzle at 
a lower speed at an area at which a thickness of said 
semiconductor wafer is relatively thick and relatively moving 
the nozzle at a higher speed at an area at which the thickness 
of the semiconductor wafer is relatively thin based on a 
thickness distribution data at respective areas previously 

determined on said semiconductor wafer and outputting the drive 
speed; and 

a control apparatus for controlling said drive speed 
by said drive speed outputted from said calculating apparatus; 

characterized in that said drive speed is calculated 



1 



at said calculating apparatus by using etching rates 
constituting a distribution of removing speeds of removing 
a material of the semiconductor wafer by said activated species 
gas and calculated for respective distances between the outer 
edge of the semiconductor wafer and said nozzle. 

[Claim 2] A local dry etching apparatus comprising: 

a nozzle for injecting an activated species gas to a 
surface of a semiconductor wafer; 

a stage for supporting the semiconductor wafer; 

a drive apparatus for driving either or both of said 
stage and said nozzle for moving said nozzle relative to said 
semiconductor wafer in a plane along the surface of said 
semiconductor wafer ; 

a calculating apparatus for calculating a drive speed 
of said drive apparatus for relatively moving the nozzle at 
a lower speed at an area at which a thickness of said 
semiconductor wafer is relatively thick and relatively moving 
the nozzle at a higher speed at an area at which the thickness 
of the semiconductor wafer is relatively thin based on a 
thickness distribution data at respective areas previously 
determined on said semiconductor wafer and out put ting the drive 
speed; and 

a control apparatus for controlling said drive speed 
by said drive speed output ted from said calculating apparatus ; 
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characterized in that said calculating apparatus 
calculates said drive speed by using an etching rate 
constituting a distribution of removing speeds for removing 
a material of the semiconductor wafer by said activated species 
gas and calculated for respective distances between an outer 
edge of the semiconductor wafer and said nozzle. 

[Claim 3] A local etching method for a local dry etching 
apparatus, said local dry etching apparatus comprising: 

a nozzle for injecting an activated species gas to a 
surface of a semiconductor wafer; 

a stage for supporting the semiconductor wafer; 

a drive apparatus for driving either or both of said 
stage and said nozzle for moving said nozzle relative to said 
semiconductor wafer in a plane along the surface of said 
semiconduc tor wafer ; 

a calculating apparatus for calculating a drive speed 
of said drive apparatus for relatively moving the nozzle at 
a lower speed at an area at which a thickness of said 
semiconductor wafer is relatively thick and relatively moving 
the nozzle at a higher speed at an area at which the thickness 
of the semiconductor wafer is relatively thin based on a 
thickness distribution data at respective areas previously 
determined on said semiconductor wafer and output ting the drive 
speed; and 
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a control apparatus for controlling said drive speed 
by said drive speed output ted from said calculating apparatus ; 

characterized in that said drive speed is calculated 
at said calculating apparatus by using an etching rate 
constituting a distribution of removing speeds for removing 
a material of the semiconductor wafer by said activated species 
gas and constituting a single etching rate regardless of 
distances between an outer edge of the semiconductor wafer 
and said nozzle and a drive speed at an outer side of the 
semiconductor wafer in the calculated drive speed, is further 
multiplied by a coefficient. 

[Claim 4] A local dry etching apparatus comprising: 

a nozzle for injecting an activated species gas to a 
surface of a semiconductor wafer; 

a stage for supporting the semiconductor wafer; 

a drive apparatus for driving either or both of said 
stage and said nozzle for moving said nozzle relative to said 
semiconductor wafer in a plane along the surface of said 
semiconductor wafer ; 

a calculating apparatus for calculating a drive speed 
of said drive apparatus for relatively moving the nozzle at 
a lower speed at an area at which a thickness of said 
semiconductor wafer is relatively thick and relatively moving 
the nozzle at a higher speed at an area at which the thickness 
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of the semiconductor wafer is relatively thin based on a 
thickness distribution data at respective areas previously 
determined on said semiconductor wafer and output ting the drive 
speed; and 

a control apparatus for controlling said drive speed 
by said drive speed outputted from said calculating apparatus; 

characterized in that said calculating apparatus 
calculates said drive speed by using an etching rate 
constituting a distribution of removing speeds of removing 
a material of the semiconductor wafer by said activated species 
gas and constituting a single etching rate regardless of 
distances between an outer edge of the semiconductor wafer 
and said nozzle and a drive speed at an outer side of the 
semiconductor wafer in the calculated drive speed, is further 
multiplied by a coefficient. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 
The present invention relates to a wafer planarizing 
technology for locally etching to planarize pro j ected portions 
at a surface of a semiconductor wafer, or locally etching 
relatively thiclc portions of a semiconductor wafer to thereby 
malce a thiclcness distribution of the semiconductor wafer 
uniform by activated species gas, that is, relates to a local 



etching method or a local etching apparatus. 
[0002] 

[Prior Art] 

Fig. 1 is an explanatory view for explaining principle 
of a wafer planarizing method by a local etching method using 
plasma. Notation 100 designates a plasma generating portion 
and activated species gas G in plasma generated at the plasma 
generating portion 100 is injected from anozzlelOl toasurface 
of a semiconductor wafer W. The semiconductor wafer W is 
fixedly mounted onto a stage 120 and the stage 120 is moved 
at speed controlled in a horizontal direction relative to the 
nozzle 101 . 

[0003] 

Initially, a thiclcness of the semiconductor wafer W 
differs in accordance with a location. Prior to etching, for 
respective semiconductor wafer W, a thiclcness of a respective 
subdivided area thereof is measured. By the measurement, 
there is provided data corresponding a position of the 
3-espective area and the thiclcness at the position, that is, 
position- thickness data. According to the local etching 
method, an amount of removing a material at the respective 
region corresponds to a time period of exposing the area to 
the activated species gas G. Therefore, relative speed for 
passing the nozzle relative to the semiconductor wafer 
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(hereinafter, referred to as nozzle speed) is determined to 
speed by which the nozzle is moved at a low speed above a 
relatively thick portion Wa and at relatively high speed at 
a relatively thin portion. 
[0004] 

Fig. 2 is a graph showing a distribution of an amount 
(depth) of a semiconductor wafer material per unit time removed 
by the activated species gas, that is, an etching rate. The 
curve referred to as an etching rate profile is a curve very 
similar to a Gaussian distribution. As shown by Fig. 2, the 
etching rate E is provided with a maximum value Emax on a center 
line of the nozzle 101 and is reduced as the location becomes 
remote from the center in a radius r direction. 
[0005] 

Since material removing capacity shows a distribution 
in accordance with a distance from the center of the nozzle 
in this way, a material removing amount requested for every 
area cannot be determined only by nozzle speed at every area. 
The reason is that even when the material is removed by a 
necessary amount in every area, when etching is carried out 
for a contiguous area or an area contiguous thereto, the 
material is removed in accordance with the above - described 
etching rate profile also for the initial area. 
[0006] 
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In this way, every area is effected with influence of 
etching for all of the other areas and therefore, the nozzle 
speed is calculated such that heights of surfaces of the 
respective areas become equal to each other as a result of 
superposing influence of these for all the areas. 
[0007] 

[Problem to be Solved by the Invention] 
Conventionally, the etching rate profile is dealt with 
to remain unchanged even when the nozzle is disposed at any 
position relative to the semiconductor wafer. However, after 
processing a number of silicon semiconductor wafers, it has 
bee found that a planar ization as expected is not achieved 
at a vicinity of an outer edge of a semiconductor wafer since 
there is recognized a tendency that a corner portion slopes 
down by excessive material removal at a vicinity of an outer 
edge Wc as is shown in, for example. Fig. 3 by surrounding 
the corner portion by a dotted line. 
[0008] 

There is acquired knowledge that the tendency is caused 
by assuming that according to the conventional technology, 
the etching rate profile remains unchanged although the etching 
rate profile is deformed when the nozzle is disposed at the 
vicinity of the outer edge of the semiconductor wafer. 
[0009] 
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It is a problem of the invention to provide local etching 
method and a local etching apparatus achieving an accurate 
planar ization of a semiconductor wafer including an outer edge 
thereof by improving the conventional local etching method 
based on the above - described knowledge. 

[0010] 

[Means for Solving the Problem] 

The above - described problem can be solved by the 
following means. That is, according to resolving means of 
a first aspect of the invention, there is provided a local 
etching method for a local dry etching apparatus, the local 
dry etching apparatus comprising a nozzle for injecting an 
activated species gas to a surface of a semiconductor wafer, 
a stage for supporting the semiconductor wafer, a drive 
apparatus for driving either or both of the stage and the nozzle 
for moving the nozzle relative to the semiconductor wafer in 
a plane along the surface of the semiconductor wafer, a 
calculating apparatus for calculating a drive speed of the 
drive apparatus for relatively moving the nozzle at a lower 
speed at an area at which a thickness of the semiconductor 
wafer is relatively thick and relatively moving the nozzle 
at a higher speed at an area at which the thickness of the 
semiconductor wafer is relatively thin based on a thickness 
distribution data at respective areas previously determined 
on the semiconductor wafer and outputting the drive speed. 



9 



and a control apparatus for controlling the drive speed by 
the drive speed outputted from the calculating apparatus, 
characterized in that the drive speed is calculated at the 
calculating apparatus by using etching rates constituting a 
distribution of removing speeds of removing a material of the 
semiconductor wafer by the activated species gas and calculated 
for respective distances between the outer edge of the 
semiconductor wafer and the nozzle. 
[0011] 

According to resolving means of a second aspect of the 
invention, there is provided a local dry etching apparatus, 
comprising a nozzle for injecting an activated species gas 
to a surface of a semiconductor wafer, a stage for supporting 
the semiconductor wafer, a drive apparatus for driving either 
orbothof the stage and the nozzle for moving the nozzle relative 
to the semiconductor wafer in a plane along the surface of 
the semiconductor wafer, a calculating apparatus for 
calculating a drive speed of the drive apparatus for relatively 
moving the nozzle at a lower speed at an area at which a thickness 
of the semiconductor wafer is relatively thick and relatively 
moving the nozzle at a higher speed at an area at which the 
thickness of the semiconductor wafer is relatively thin based 
on a thickness distribution data at respective areas previously 
determined on the semiconductor wafer and outputting the drive 
speed, and a control apparatus for controlling the drive speed 
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by the drive speed outputted from the calculating apparatus, 
characterized in that the calculating apparatus calculates 
the drive speed by using an etching rate constituting a 
distribution of removing speeds for removing a material of 
the semiconductor wafer by the activated species gas and 
calculated for respective distances between an outer edge of 
the semiconductor wafer and the nozzle. 
[0012] 

According to resolving means of a third aspect of the 
invention, there is provided a local etching method for a local 
dry etching apparatus, the local dry etching apparatus 
comprising a nozzle for injecting an activated species gas 
to a surface of a semiconductor wafer, a stage for supporting 
the semiconductor wafer, a drive apparatus for driving either 
orbothof the stage and the nozzle for moving the nozzle relative 
to the semiconductor wafer in a plane along the surface of 
the semiconductor wafer, a calculating apparatus for 
calculating a drive speed of the drive apparatus for relatively 
moving thenozzleata lower speedatanareaatwhicha thickness 
of the semiconductor wafer is relatively thick and relatively 
moving the nozzle at a higher speed at an area at which the 
thickness of the semiconductor wafer is relatively thin based 
on a thickness distribution data at respective areas previously 
determined on the semiconductor wafer and outputting the drive 
speed, and a control apparatus for controlling the drive speed 
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by the drive speed outputted from the calculating apparatus, 
characterized in that the drive speed is calculated at the 
calculating apparatus by using an etching rate constituting 
a distribution of removing speeds for removing a material of 
the semiconductor wafer by the activated species gas and 
constituting a single etching rate regardless of distances 
between an outer edge of the semiconductor wafer and the nozzle 
and a drive speed at an outer side of the semiconductor wafer 
in the calculated drive speed, is further multiplied by a 
coefficient . 

[0013] 

According to resolving means of a fourth aspect of the 
invention, there is provided a local dry etching apparatus 
comprising a nozzle for injecting an activated species gas 
to a surface of a semiconductor wafer, a stage for supporting 
the semiconductor wafer, a drive apparatus for driving either 
or both of the stage and the nozzle for moving the nozzle relative 
to the semiconductor wafer in a plane along the surface of 
the semiconductor wafer, a calculating apparatus for 
calculating a drive speed of the drive apparatus for relatively 
moving thenozzleata lower speedat an areaatwhicha thickness 
of the semiconductor wafer is relatively thick and relatively 
moving the nozzle at a higher speed at an area at which the 
thickness of the semiconductor wafer is relatively thin based 
on a thickness distribution data at respective areas previously 
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determined on the semiconductor wafer and outputting the drive 
speed, and a control apparatus for controlling the drive speed 
by the drive speed outputted from the calculating apparatus, 
characterized in that the calculating apparatus calculates 
the drive speed by using an etching rate constituting a 
distribution of removing speeds of removing a material of the 
semiconductor wafer by the activated species gas and 
constituting a single etching rate regardless of distances 
between an outer edge of the semiconductor wafer and the nozzle 
and a drive speed at an outer side of the semiconductor wafer 
in the calculated drive speed, is further multiplied by a 
coefficient . 

[0014] 

[Preferred Embodiments ] 
Embodiment 1 

An explanation will be given of embodiments of the 
invention in reference to the drawings as follows. Fig. 4 
is an explanatory view showing an outline of a local etching 
apparatus for removing unevenness at a surface of a 
semiconductor wafer . 
[0015] 

The local etching apparatus is provided with a plasma 
generator 1 , a gas supply apparatus 3 and an X-Y drive mechanism 
5. The plasma generator 1 is an apparatus for forming a gas 
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in an alumina discharge tube 2 into a plasma to thereby produce 
activated species gas G including neutral radicals and is 
provided with a microwave oscillator 10 and a waveguide 11. 
The microwave oscillator 10 is a magnetron and can oscillate 
microwave M at predetermined frequency, 
[0016] 

The waveguide 11 propagates the microwave M oscillated 
from the microwave oscillator 10 and the alumina discharge 
tube 2 is inserted to the waveguide 11. At an inner portion 
of a left side end of the waveguide 11, there is attached a 
reflecting plate (short plunger) 12 forming a standing wave 
by reflecting the microwave M. Further, at middle of the 
waveguide 11, there are attached a stub tuner 13 for carrying 
out phase matching of the microwave M and an isolator 14 for 
bending the reflected microwave M directed to the microwave 
oscillator 10 inadirectionof 90 degrees (direction of surface 
of Fig. 1) . 

[0017] 

The alumina discharge tube 2 is a cylindrical member 
formed with a nozzle 20 at its lower end portion and connected 
with a supply pipe 30 of the gas supply apparatus 3 at its 
upper end portion. The gas supply apparatus 3 is an apparatus 
for supplying a gas into the alumina discharge tube 2, having 
a cylinder 31 of SFg (sulfur hexaf luor ide ) gas and the cylinder 
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31 is connected to the supply pipe 30 via valves 32 and a flow 
rate controller 33. Further, although the sulfur hexaf luoride 
gas can constitute a gas by itself in this way, a mixture gas 
including the sulfur hexaf luoride gas can also be constituted 
by simultaneously supplying other gas to the supply pipe 30. 
[0018] 

When gas is supplied from the gas supply apparatus 3 
to the alumina discharge tube 2 and the microwave Mis oscillated 
by the microwave oscillator 10, plasma formation of the gas 
is carried out at inside of the alumina discharge tube 2. The 
activated species gas G produced by the plasma formation is 
injected from the nozzle 20. 
[0019] 

The semiconductor wafer W is arranged on a wafer table 
40 at inside of a chamber 4 and adsorbed by the wafer table 
40 by electrostatic force. The chamber 4 is attached with 
a vacuum pump 41 and inside of the chamber 4 can be vacuumed 
(reduce pressure) by the vacuum pump 41. Further, a hole 42 
is perforated at a central portion of the ceiling of the chamber 
4 and the nozzle 20 of the alumina discharge tube 2 is inserted 
into the chamber 4 via the hole 42. An 0-ring 43 is mounted 
between the hole 42 and the alumina discharge tube 2 to thereby 
hold an interval between the hole 42 and the alumina discharge 
tube 2 in airtight. A duct 44 is provided at a surrounding 
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of the nozzle 20 inserted into the hole 42. Another vacuum 
pump 4 5 is connected to the duct 44 and gases produced by reac t ion 
in etching are exhausted to outside of the chamber 4 via the 
duct 44 . 

[0020] 

The X-Y drive mechanism 5 is arranged at inside of the 
chamber 4 and supports the wafer table 40 from a lower side 
thereof. According to the X-Y drive mechanism 5, the wafer 
table 40 is moved in a left and right direction of Fig. 4 by 
an X drive motor 50 thereof and the wafer table 40 and the 
X drive motor 50 are integrally moved in a top and tail direction 
of the paper face by a Y drive motor 51 thereof. That is, 
the nozzle 20 can be moved in X-Y directions relative to the 
semiconductor wafer W by the X-Y drive mechanism 5, 
[0021] 

When the valve 32 of the gas supply apparatus 3 is opened, 
the SFg gas in the cylinder 31 flows out to the supply pipe 
30 and is supplied to the alumina discharge tube 2. The flow 
rate of the SFg gas is adjusted by an opening degree of the 
valve 32. 

[0022] 

In parallel with operation of supplying the SFg gas or 
the mixture gas, the microwave oscillator 10 is driven. The 
SF6 gas at inside of the alumina discharge tube 2 is subjected 
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to plasma formation by the microwave M . By the plasma formation 
of the gas , there is formed the activated species gas G including 
neutral F (fluorine) radicals. The activated species gas G 
is guided to the nozzle 20 of the alumina discharge tube 2 
and is injected from an opening 20a of the nozzle 20 to the 
surface of the semiconductor wafer W. 
[0023] 

In parallel with injection of the activated species 
gas, the X-Y drive mechanism 5 is controlled by a control 
computer 49 and the wafer table 40 is moved by previously 
calculated speed (mentioned later) along a determined locus. 

[0024] 

The injected activated species gas chemically reacts 
with a material at the surface of the semiconductor wafer. 
Produced substances produced by the chemical reaction are 
gaseous, therefore, the produced gases can easily be removed 
(flowed away) from the side. Thereby, material is removed 
from the surface of the semiconductor wafer W . A removed amount 
thereof is substantially proportional to a time period of being 
exposed to the activated species gas and therefore, the removed 
amount is controlled by controlling relative speed between 
the semiconductor wafer W and the nozzle 20. The relative 
speed is determined based on previously measured data of 
unevenness of the semiconductor wafer W, that is. 
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position- thickness data . 
[0025] 

The present invention is based on new knowledge that 
the conventional way of thinking that the etching rate profile 
is always symmetrical axially, i s par tial ly erroneous , instead 
thereof, the etching rate profile is dependent on a distance 

£ from a center of a nozzle through an outer edge of a 
semiconductor wafer and is not axially symmetrical. Fig. 5, 
Fig. 6 and Fig. 7 are explanatory views showing the distance 

£ from the center of the nozzle to the outer edge of Wc of 
a semiconductor wafer and deformation of an etching rate 
profile in that case. 
[0026] 

When the outer edge Wc is sufficiently remote therefrom 
by the distance £ in observing a surface of the semiconductor 
wafer by disposing an observing point on the nozzle 20, the 
surface looks like a simple plane having substantially infinite 
spread and having no characteristic. Therefore, activated 
species gas injected from the nozzle 20 is impacted to the 
semiconductor wafer, changes a direction of flow and thereafter 
flows to uniformly spread along the surface of the 
semiconductor wafer. Therefore, the flow of the activated 
species gas is symmetrical with respect to a center axis of 
the nozzle 20 and accordingly, the etching rate E becomes 
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symmetrical with respect to the nozzle axis. 
[0027] 

However, at a position approaching the outer edge Wc 
of the semiconductor wafer, the situation differs from the 
above -described . The flow of the activated species gas is 
influenced by the shape of the semiconductor wafer. At the 
position proximate to the outer edge Wc of the semiconductor 
wafer, in looking at the surface of the semiconductor wafer 
by placing the observing point on the central axis of the nozzle 
20, the outer edge Wc is brought into the field of vision and 
the semiconductor wafer can no longer be regarded as the plane 
having the infinite spread and having no characteristic- 
Therefore, the flow of the activated species gas is not axially 
symmetrical and the distribution of the etching rate E is not 
axially symmetrical. That is, the etching rate profile is 
deformed . 

[0028] 

The deformation of the etching rate profile is caused 
by still other factor. When the activated species gas is blown 
to the semiconductor wafer, the activated species in the gas 
collide with silicon atoms at a constant frequency and cause 
chemical reaction. The activated species become other 
compound (gases) by the chemical reaction and lose the 
activity. When a comparison is made between the activated 
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species gas s taying fora longperiodof time ina space proximate 
to the surface of the semiconductor wafer and the activated 
species gas staying in a space remote from the surface of the 
semiconductor wafer, rates of the activated species included 
therein differ from each other. Therefore, when attention 
is paid to an arbitrary block of the activated species gas, 
the chemical activity as a whole differs for respective block. 
[0029] 

Meanwhile, the flow of the gas is provided with a random 
performance and there is produced an irregular and complicated 
flow at inside of the chamber of the local etching apparatus. 
Mixing is caused between new gas immediately after having been 
injected into the chamber and oldgas in which the concentration 
of the activated species is reduced after elapse of some period 
of time after injection. Therefore, a portion of gas (or 
activated species) impacted to the semiconductor wafer is 
recirculated to a vicinity of the nozzle and joins and mixes 
with new gas at the vicinity. When the activated species gas 
flows on the outer side of the outer edge Wc of the semiconductor 
wafer, the activated species are not consumed since silicon 
is not present at the outer side. When the gas in which the 
activated species are not consumed in this way, drifts at inside 
of the chamber, approaches the nozzle and mixes with new gas 
immediately after having been injected, the rate of the 
activated species is increased. Therefore, the activity of 
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the activated species gas is increased and when the gas is 
blown to surface of the semiconductor wafer, the etching rate 
is partially increased. As a result, the etching rate profile 
is deformed. 

[0030] 

Fig. 5 shows a case in which the center of the nozzle 
and the outer edge Wc are remote f rom each o ther by the sufficient 
distance £ , the etching rate profile is not influenced by 
the outer edgeWc and its symmetry is substantially maintained. 
Fig. 6 shows an example in which although the center of the 
nozzle is disposed above the semiconductor wafer, the center 
of the nozzle is proximate to the outer edge Wc and accordingly, 
the etching rate profile is deformed by being influenced from 
the outer edge Wc . In Fig. 6, the etching rate profile of 
Fig. 5 is indicated by a dotted line for comparison. Further, 
at an outer side (right side) of the outer edge Wc, the 
semiconductor wafer is not present and therefore, the etching 
rate E is null. It is known that on an inner side of the outer 
edge Wc , the etching rate E is increased by Ae at the same 
position . 

[0031] 

Fig. 7 shows an example in which the center of the nozzle 
is disposed outside of above the semiconductor wafer and 
proximate to the outer edge Wc . Similar to Fig. 6, the etching 



21 



rate profile is deformed and the etching rate E is increased 
by Ae. 

[0032] 

According to the invention, relative speed v of the 
nozzle is calculated by using the etching rate E which differs 
in accordance with the distance £ between the center of the 
nozzle and the outer edge Wc in this way. 
[0033] 

Fig. 8 is a plane view showing the semiconductor wafer 
W, a nozzle locus 201 and very small areas Aa. Further, in 
Fig. 8, there is shown an etching rate profile along a line 
passing through respective centers of a very small area A 
A (mO, nO) and a very small area Aa (m, n) . The etching rate 
profile shows that by the nozzle the center of which is disposed 
above the very small area Aa (mO, nO), the very small area 
Aa (m, n) on a right upper side, is etched by an etching rate 
El . As has already been explained, according to the invention, 
the etching rate El is not regarded to be influenced only by 
relative positions of the center of the nozzle and the very 
small area Aa (m, n) to be etched, to which the attention 
is paid at this occasion as in the conventional technology. 
According to the invention, the etching rate El is influenced 
by the distance £ between the outer edge Wc and the center 
of the nozzle other than influence of these and is provided 
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with a value which differs for respective relationship of 
these - 

[0034] 

On an outer side of the semiconductor wafer W, there 
is conceived an imaginary area Wv larger than the semiconductor 
wafer W by an effective etching radius and there are conceived 
squares at pitch p to sufficiently cover imaginary area Wv . 
By attaching numbers m and n to respectives of the squares, 
different very small areas are represented. For example, a 
very small area at m-th order from left and n-th order from 
a lower side, is designated by notation AA(m, n) and nozzle 
speed of the very small area AA(m, n) is designated by notation 
v(m, n) . Normally, very small areas Aa are assumed by the 
same number in vertical and horizontal directions on 
semiconductor wafer coordinates and therefore, when the number 
is designated by notation k, notations m and n are provided 
with values of l<=m<=k, l<=n<=k. 

[0035] 

Fig. 9 is an enlarged view enlarging a portion of Fig. 
8 . Fig. 10 (a) is a graph subdividing an abscissa of an etching 
rate profile by a pitch the same as the pitch p in Fig. 8. 
Fig. 10(b) shows a very smal 1 area A B par t i tioned by subdivi s ion 
by the pitch p when the observing point is disposed on the 
axis line of the nozzle. In correspondence with a respective 
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very small area, similar to the case of Fig. 8, the very small 
area is designated by notation AB(i, j) by using numerals 
i and j . For example, a very small area at center is designated 
by notation Ab(0, 0) and a very small area on a right upper 
side thereof is designated by notation Ab(1, 1). Further, 
the etching rate E in the very small area AB(i, j) is designated 
as notation E(i, j) . 
[0036] 

The value of the etching rate E is indicated by a value 
the best representing a value in the area. A bold line in 
Fig. 10(b) designates an outermost edge effected by etching. 
That is, on an outer side of the bold line, even when the nozzle 
20 is disposed at any position relative to the outer edge wc , 
activated species gas is not provided with etching capacity 
at outside of the bold line. 
[0037] 

The etching rate profile is deformed by being influenced 
by the distance 8 and therefore, a degree of deforming the 
etching rate profile is previously calculated for respective 
position of the nozzle 20, that is, respective distance £ . 
In calculating the relative speed v, mentioned later, the 
etching rate E calculated in this way is used at the vicinity 
of the outer edge Wc . Further, when the nozzle is disposed 
at a position at which a tangential line of the outer edge 
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Wc is inclined, there is used the etching rate E provided by 
rotating coordinates of data of the etching rate by an angle 
of the inclination. 
[0038] 

Now, when the center of the nozzle 20 passes through 
the single very small area AA(mO, nO) by taking time At (mO, 
nO) , consider an amount (depth) AD(m, n) of etching the very 
small area AA(m, n) remote therefrom (refer to Fig. 7) . Since 
the center of the nozzle 20 is disposed at the very small area 
Ab(0, 0), the very small area Ab(0, 0) and the very small 
area AA(mO, nO) precisely overlap each other. Positions i 
and j in viewing the very small area AA(m, n) from above the 
nozzle are respectively i'-m-mO, j=n-nO and therefore, the 
etching rate E with respect to the very small area AA(m, n) 
is represented by notation E(m-mO, n-nO) . 

[0039] 

Therefore, AD(m, n) is represented as follows. 
AD(m, n) = E(m-m0, n-nO) * At(mO, nO) ... Equation (1) 
[0040] 

When the nozzle 20 passes above respectives of the very 
small areas A A, at the very small area AA(m, n) to which 
attention is paid currently, there is carried out etching of 
the amounts Ad for the respective positions of the nozzle. 
Therefore, a total etching amount D(m, n) effected to the very 
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small area Aa (m, n) to which attention is paid, is calculated 
by summing up all of Ad at the respective positions of the 
nozzle. That is. 



inO=k, nO=k 

AD(iii,n) = Z E (m-mO, n-nO) * At(iTiO,nO) 

^^'^^ ... Equation (2) 

[0041] 

The speed v (which is moving speed in either of vertical 
and horizontal directions) when the nozzle 20 passes the very 
small area A A, the time At required for passing and the pitch 
p are brought into a relationship of p = v ' At and therefore, 
when all of the speed v is known, by using Equation (2) , the 
depth of removing the material can simply be calculated for 
the respective very small area. 
[0042] 

Conversely, when necessary depths of removing the 
material are previously given and the speeds v are calculated 
for the respective very small areas. Equation (2) is solved 
as simultaneous linear equations, times At of passing the 
respective very small areas are calculated and the speeds v 
of the respective very small areas are calculated therefrom. 
[0043] 

The local etching apparatus is normally used for 
planarizing the surface of the semiconductor wafer. 
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Therefore, with regard to the respective semiconductor wafer 
W, amounts of unevenness, that is, thicknesses of the 
respective very small areas are previously measured and given 
as single position - thickness data for the respective 
semiconductor wafer. Necessary depths of removing the 
material are determined from the position - thickness data 
and therefore, the simultaneous linear equations of Equation 
(2) are solved. The imaginary area Wv is present on the outer 
side of the outer edge of the semiconductor wafer at which 
the material is not present inherently and the speed v is 
calculated by assuming that the area Wv is provided with a 
thickness equal to a thickness of the inner area of the outer 
edge mostly proximate thereto. 
[0044] 

Although the calculationisnotsoeasysinceasaresult, 
the hypercomplex simultaneous linear equations are solved, 
application program software on sale can be used. Further, 
what is important here is to carry out etching such that 
thicknesses of all of the very small areas are equal. 
Therefore, the material removing depth D (m, n) of the 
respective very small area is not absolute but can pertinently 
be determined relatively in relation with other very small 
area . 

[0045] 
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In the above - described very small area, the thickness 
and the etching rate are dealt with approximately as constant 
values which remain unchanged. Therefore, the more increased 
is the number of the very small areas by reducing the pitch 
p, the finer solution can be provided, however, since time 
is taken in numerical calculation, a proper size of the pitch 
p is determined. 
[0046] 

Fig. 8 shows the nozzle locus 201 in a zigzag shape. 
What determines the material removing depth D (m, n) of the 
respective very small area is time At. The speed v at the 
respective very small area is for making the nozzle present 
above the very small area by the time A t . Further, the material 
removing depth D (m, n) is not depending on the order of etching . 
Therefore, the direction of moving the nozzle in the respective 
very small area may be vertical or horizontal and an arbitrary 
locus can be selected so far as the material can be removed 
by necessary depths for all of the very small areas . Therefore, 
the locus shown here is only an example. 

[0047] 
Embodiment 2 

As has been explained above, according to the local 
etching method, there are used a plurality of the etching rate 
profiles, that is, etching rates E (i, j). According to 



28 



Embodiment 2, instead thereof, as a single profile data for 
determining coefficients of Equation (2), an etching rate E 
(i, j) in correspondence with a central portion of the 
semiconductor wafer can be used without being related to the 
distance S as in Embodiment 1. The other is similar to that 
in the above - described embodiment. 
[0048] 

After providing the relative speeds v for the respective 
very small areas in this way, in the imaginary area Wv, the 
speed V is approximately calculated by the provided speeds 
V multiplied by a pertinent coefficient S. The other is 
calculated by the conventional calculation, the speed V 
provided thereby can simply be corrected and therefore, the 
expense is not taken so much. However, a pertinent value of 
the coefficient S differs by etching conditions and therefore, 
pertinent trial and error is needed. When the coefficient 
S is large, it is signified that the time At is short, further, 
when the coefficient S is small, it is signified that the time 

At is long . 

[0049] 

When the coefficient S is set as S=l, slope-down as 
shown by Fig. 3 is produced. At this occasion, the depth is 
about 0.2 iim. When the coefficient S is set as S = 2 under the 
same conditions, contrary thereto, there is provided a result 



29 



in which the edge is processed to be higher by about 0.5 (i m 
and when the coefficient S is set as S = 3, there is provided 
a result in which the edge is processed to be higher by about 
1.0|iim. Asaresult, the rate can properly be processed without 
producing slope-down or an increase in edge height by the 
coefficient between S=l.l through 8=1.5. 
[0050] 

[Effect of the Invention] 

The local etching method according to the invention 
is based on the knowledge that according to the conventional 
local etching method, when the nozzle is disposed at the 
vicinity of the outer edge of the semiconductor wafer, the 
etching rate profile is deformed and according to the 
invention, there is achieved aneffectof preventing occurrence 
of excessive material removal caused by the deformation. 
Further, as a result, there is achieved an effect of providing 
the accurate planar i zat ion over an entire area of the 
semiconductor including the outer edge of the semiconductor 
wafer . 

[Brief Description of the Drawings] 

Fig. 1 is an explanatory view for explaining principle 
of a wafer planarizing method by plasma etching; 

Fig. 2 is a graph showing an amount (depth) of a 
semiconductor wafer ma terial per unit time removed by in j ected 



30 



activated species gas, that is, a distribution of an etching 
rate ; 

Fig. 3 is an explanatory view showing that a corner 
portion slopes down by excessive material removal at a vicinity 
of an outer edge Wc by a conventional local etching method; 

Fig. 4 is an explanatory view showing an outline of 
a local etching apparatus; 

Fig. 5 is an explanatory view showing a distance £ from 
a center of a nozzle to the outer edge Wc of a semiconductor 
wafer and deformation of an etching rate profile in that case 
along with Fig. 6 and Fig. 7; 

Fig. 6 is an explanatory view showing a distance £ from 
a center of a nozzle to the outer edge Wc of a semiconductor 
wafer and deformation of an etching rate profile in that case 
along with Fig. 5 and Fig. 7; 

Fig. 7 is an explanatory view showing a distance £ from 
a center of a nozzle to the outer edge Wc of a semiconductor 
wafer and deformation of an etching rate profile in that case 
along with Fig. 5 and Fig. 6; 

Fig. 8 is a plane view showing a semiconductor wafer 
W, a locus of a nozzle and very small areas; 

Fig. 9 is an enlarged view enlarging a portion of Fig. 

8 ; and 

Fig. 10(a) shows an etching rate prof ile and Fig . 10(b) 
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is an explanatory view showing a very small area Ab subdivided 
by a pitch p. 

[Explanation of Letters or Numerals] 

1 Plasma generator 

2 Alumina discharge tube 

3 Gas supply apparatus 

4 Chamber 

5 X-Y drive mechanism 

10 Microwave oscillator 

11 Waveguide 

13 Stub tuner 

14 Isolator 
20a Opening 

30 Supply pipe 

31 Cylinder 

32 Valve 

33 Flow rate controller 
40 Wafer table 

41, 4 5 Vacuum pumps 

42 Hole 

43 O-ring 

44 Duct 

49 Control computer 



32 



50 X drive motor 

51 Y drive motor 

100 Plasma generating portion 

101, 20 Nozzles 

120 Stage 

201 Nozzle locus 

D Etching amount 

E Etching rate 

G Activated species gas 

M Microwave 

W Semiconductor wafer 

p Pitch 

V Relative speed 

Wc Outer edge 

Wv Imaginary area 
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FIG. 5 




FIG. 8 
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[Name of Document] ABSTRACT OF THE DISCLOSURE 

[Abs tract ] 

[Problem] To improve a problem that according to a 
conventional technology, an accurate planar i zation is not 
achieved since an etching rate profile is assumed to be the 
same regardless of a position of a nozzle relative to a 
semiconductor wafer . 

[Solving Means] Since the etching rate profile is deformed 
by being influenced by a distance B , a degree of deformation 
of the etching rate profile is previously calculated for 
respective position (distance £ ) of a nozzle 20 and an etching 
rate E calculated thereby is used in calculating nozzle speed 
V at a vicinity of an outer edge Wc . 
[Selected Drawing] Fig. 10 
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